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The teaching faculty for this course (B. E. Goodman and K. L. Koster) sought to address their own concerns about 1) the quality of student learning in the impersonal large lecture classroom, 2) difficulties in getting to know the students by name, and 3) getting answers and reactions from the students during the lecture time by designing an educational experiment with potential for statistical significance that could be implemented with an appropriate control group. P. L. Redinius served as the consultant for the initial experimental design and the statistical analysis. Large lecture classes (130-200 students) with weekly laboratories are the norm at this institution for the four introductory courses for biology majors (Biology 161 through 164) and the general education courses for nonmajors (Biology 101 and 103). Thus the questions addressed by this study were, Do active-learning activities in a small and personal lecture setting enhance student learning more than active-learning activities in large impersonal lectures? and Are students more satisfied with an educational experience in a small and personal lecture setting? Based on faculty perceptions of how they best relate to their students, the prediction was that the students in the experimental group with small lecture classes and increased direct contact with the teaching faculty would learn physiological principles better than the students in the control group in the large impersonal lecture portion of the course.
At the time of this educational experiment, B. E. Goodman was teaching the animal physiology portion of Biology 164 for the third time and K. L. Koster was teaching the plant physiology portion for the second time, although she taught the same material in the previous version of the general biology course for 7 yr. Both Goodman and Koster are experienced teachers and tenured faculty members at the University of South Dakota. The animal physiology portion is ϳ75% of the course time, is taught as a broad survey of the general principles of physiology via an overview-style systems approach, and has laboratory activities closely correlated with the lecture material. The plant physiology portion is ϳ25% of the course time, addresses general principles of plant physiology stressing sim-ilarities and differences between plant and animal physiology, and also has laboratory activities designed to correlate well with the lecture material. The textbook used for the course was Life: The Science of Biology (4) .
The course philosophy is introduced to the students on the first day of class as a team effort among the students, faculty, and TAs to improve student learning of physiological principles. The faculty members encourage students to ask or e-mail questions at any time. To enhance student learning, various individual and group activities are incorporated throughout the course. These activities have included (see Fig. 1 for some examples) 1) think-pair-share activities during lecture time; 2) an individual report with references about a specific cardiovascular or respiratory disease; 3) formative assessment activities that include writing a question or an answer about the material, stating what was clear/not clear, or writing what new information was learned; 4) case studies during lecture with questions and the answers solicited from the students; and 5) designing, running, interpreting, and presenting a cooperative group experiment to investigate human physiology using the Biopac instruments in the laboratory.
Although attendance is not routinely taken in the lecture classroom, students are highly encouraged to attend lecture, and the answers to the classroom activities (that are testable) were not available to them outside of lecture. Several of the formative assessment activities are used as random attendance checks by having the students write their names on the cards on which they wrote their questions, comments, or answers. Attendance in the laboratory is taken as required by the Department of Biology. Examinations in the course are designed to be ϳ60-70% multiple choice questions that mostly test Bloom's taxonomy levels of knowledge and comprehension and 30% short discussion questions that are likely to test higher levels of Bloom's taxonomy (analysis, synthesis, and evaluation). Multiple choice questions are computer-graded and the short discussions are generally graded by the teaching faculty with some assistance by the TAs using a grading rubric. The course objectives for Biology 164 are 1) students will be able to understand and interpret the general principles of physiology; 2) students will compare and contrast the basic concepts of animal physiology with those of plant physiology; 3) students will recognize the physiological and pathophysiological relevance of various systems to organismal life and success; and 4) students will develop and use the scientific method in a collaborative group via the Biopac research project.
In a recent publication, Cuseo (1) has synthesized research that relates to the consequences of large class size on teaching, learning, and retention to evaluate its implications for the success of undergraduate students (particularly first year students). According to Cuseo, there are at least eight deleterious outcomes of teaching students in large-sized classes. These include 1) increased faculty reliance on lecture; 2) less active student involvement; 3) reduced frequency of instructor interaction with and feedback to the students; 4) lower depth of student thinking while in class; 5) lower Bloom's taxonomy level of learning objectives and learning strategies; 6) lower levels of academic achievement of students; 7) lower level of course satisfaction with learning; and 8) lower student evaluations at the end of the course. Some of these proposed outcomes have been partially addressed by our study and will be discussed later.
METHODS
During the Spring 2003 offering of Biology 164, an educational experiment was designed and implemented to evaluate whether the active-learning activities used in the course would be more effective for student learning in the large lecture class format or in a separate small lecture class. Thus one of the laboratory sections (Tuesday afternoon with 20 students, 18 of whom participated in the experiment, including 1 who did not complete the posttest and satisfaction survey due to illness) was randomly selected at the beginning of the course to be the experimental group and the rest of the class was the control group (with 87 students who began and completed the course). The experimental group signed consent forms for the Institutional Review Board-approved exempt experiment entitled "Active Teaching of Biology in Small vs. Large Class Settings." One student in the original Tuesday laboratory who could not attend the small enrollment lectures transferred to another section and two other students attended the Tuesday laboratories but not the separate lectures and were not included in either the experimental or the control groups. The rest of the experimental group had separate lecture times (taught by the same faculty members) and the teaching faculty participated with them in all laboratory activities with the assistance of one of the biology graduate TAs. The separate lecture times were chosen based on the students' schedules and consisted of the first hour of the laboratory time on Tuesday afternoons and two 50-min lectures from 5:00 to 6:00 PM on Wednesday and Thursday afternoons. The students in the experimental group wore name tags for a short time at the beginning of the course until they could be identified by the faculty member and were called on by name in class. However, the same lecture material and the same active-learning activities were used in the small separate lectures and in the large lecture class. The most common kinds of active learning exercises used in both lectures were think-pair-share activities; open-ended questions; and minicase studies with openended questions. In addition, handouts were available to both groups of students with the individual student learning objectives for each chapter listed (for example, see Fig. 1 ), and the PowerPoint presentations of graphs and figures used during the lecture time were available to all students via web access. Sometimes the first offering of the lecture was to the experimental group and sometimes it was to the control group depending on the day of the week.
Students in both groups were given a pretest of comprehensionlevel multiple choice and essay-type questions about physiological principles during the first laboratory of the course and a posttest of the same questions during the last laboratory of the course (see Fig. 2 for the entire 12-question test). Tests were not graded and returned to the students after the pretest, and there was no direct discussion of the test material during the course. Tests were graded by B. E. Goodman after the completion of the course using a grading sheet for the multiple choice questions and a rubric for the essay questions. Neither the identity of the student nor whether the test was the pretest or the posttest was known when the essay questions were graded. Since the pre-and posttests were identified with the names of the students (on the front of the test but not on the part that was hand graded), a comparison of group mean changes in pre-vs. posttest scores and correlation with course final grades were both possible. In addition to the pre-and posttest analysis of student learning, students in both groups were asked to fill in a custom-designed class satisfaction survey with questions using a Likert scale (scale of 5 choices for each answer) for answers. The class satisfaction survey (see Fig. 3 and Table 1 ) was designed by B. E. Goodman with the assistance of P. L. Redinius who served as the educational psychology and statistical consultant. Data were collected from pre-and posttest scores, student final course scores, and the 24-item, 5-point Likert course satisfaction surveys.
RESULTS
The purpose of the data collection was to compare both student learning and student satisfaction with the small vs. the large lecture formats, both of which incorporated active learning components. First, the student knowledge results will be reported followed by student satisfaction.
Group means were calculated for pretest, posttest, and for final course scores. Table 2 shows the results.
The group means on the pretest indicate the entering knowledge of the students in the experimental small class group may have been slightly higher than for the control large lecture group. The posttest scores are nearly identical for both the experimental and control groups, demonstrating that the post- Fig. 3 . Class satisfaction surveys used for all students at the end of the course (in addition to the standard University course and faculty evaluations). test may not have been robust enough to detect differences in group performance or that there were no differences. The final course grades did show an increase in mean score of the experimental group over the control group.
A one-way ANOVA was calculated to determine the contribution of group membership to pretest scores, posttest scores, and final course grades. Table 3 shows there was not a statistically significant difference between group means in the posttest scores. The P values approached significance in detecting differences in course grade and pretest scores. Thus experimental small class group success in the course grade cannot be confidently attributed to the intervention.
The student satisfaction survey (Fig. 3) addressed such issues as clarity of course objectives, handouts, laboratory, Biopac experiments, treatment of the students, and overall impressions of the course. A 2 analysis was conducted to identify which satisfaction scale items demonstrated a difference between the control large lecture and the experimental small class groups (see Table 1 ). This section will begin with the satisfaction scale items rated statistically significantly higher by the experimental group, followed by the satisfaction survey items rated statistically significantly higher by the control group.
The survey items with statistically significant differences that were scored higher by the experimental small class group include 1) "The number of students in the lecture portion of the course was appropriate for learning." (P Ͻ 0.01), 2) "The number of students in the laboratory portion of the course was appropriate for learning." (P ϭ 0.05), and 3) "Conducting experiments and preparing laboratory reports helped me to learn about the scientific method and to apply physiological concepts." (P ϭ 0.014).
One satisfaction survey item was rated statistically significantly higher by the large lecture control group, "The number of students in the lecture portion of the course was distracting to my learning." (P Ͻ 0.01). Values are means Ϯ SD. Group means on the pretest indicate the entering knowledge of the students in the experimental small class group may have been slightly higher than for the control large lecture group. Posttest scores are nearly identical for both the experimental and control groups, demonstrating that the posttest may not have been robust enough to detect differences in group performance or that there were no differences. The final course grades did show an increase in mean score of the experimental group over the control group. A one-way ANOVA was calculated to determine the contribution of group membership to pretest scores, posttest scores, and final course grades.
DISCUSSION
The experimental small class group was randomly chosen based on those students who signed up for a particular laboratory session before the first day of the course. It is possible, based on pretest scores and final course grades, that the average Tuesday afternoon laboratory student was a stronger (or weaker) student than the average student in the large lecture class. There is no known reason why this would be the case, but potential conflicting classes may have had an impact on a student's choice of laboratory time. However, the differences in pretest and posttest scores did not reach a level of statistical significance between groups. If the intervention of the small class group with personal attention from the teaching faculty had improved student learning, one would expect that both posttest scores and course grades might be significantly higher for the experimental group. Thus, at least in this introductory biology course taught with many active learning opportunities, a small-size lecture class and personal attention from teaching faculty did not significantly improve student learning.
The student satisfaction surveys did find some significant differences between the experimental small class group and the large lecture control group. More students in the experimental group thought that the number of students in the lecture portion of the small class was appropriate for learning and more students in the control group thought that the number of students in the lecture portion of the large class was distracting to learning. Thus the students did appreciate being in a smaller class to learn even if there was no evidence that their learning was actually enhanced by being in the smaller class. It is interesting to note that students in the experimental group appreciated learning about scientific method and applying physiological concepts that they achieved by conducting experiments and preparing laboratory reports significantly more than the students in the control group. An explanation for this difference could be that having the expert teaching faculty facilitating their work in the laboratory might have helped them understand physiological concepts better than having only a biology graduate TA in the lab. If simply being in the small lecture/laboratory with the teaching faculty did help them learn better (as they perceived), then the assessment tools used in the course must not have accurately evaluated enhanced long-term student learning. The number of students in the laboratory portions of the course were not very different, with 20 students in the experimental lab (only 18 were in the separate lectures due to scheduling conflicts) and a range of 9 to 18 students in the labs for the control group in the large lecture portion of the course. Thus it is difficult to explain why students in the experimental group appreciated the size of enrollment in their laboratory significantly more than the students in the control group.
Literature about the effects of class size in college courses on student learning and student preferences for courses highlights some interesting aspects. Litke (3) reviewed the literature on teaching and learning in large college classes and investigated student attitudes toward effective and ineffective teaching strategies in the large classes. The author states that many faculty members believe that increased class size equals decreased student learning and satisfaction. However, student views of large classes may differ from faculty perceptions. Students state that the quality of instruction (not the size) determines a successful class and that a good teacher can teach any size class (3) . A second perception is that large classes need to be taught differently than small classes (3). To address this perception, Litke provides suggestions to faculty to make large classes "feel smaller." A final perception of faculty is that student ratings of instructors are lower in large classes; however, this perception is not necessarily true (3). Thus according to Litke, five key areas of concern about large classes are: their impersonality, the extent of active learning, how to solicit class participation, effects on student evaluation, and predominant reliance on lectures. All five of these areas are addressed in the article with helpful suggestions. In addition, student views on teaching and learning in large classes were solicited via surveys from 134 students in a course on communication theory at California State University at Northridge (Northridge, CA) (3). There was a clear preference among the students for smaller classes, but 33% of the students were favorable to large classes. Students reported that they can learn in large classes and that quality teaching is possible in large classes with numerous active and engaging learning opportunities.
Williams et al. (7) published an extensive meta-analysis of student performance on objectively scored general education tests compared with section size for 305 sections from 24 different courses with section sizes of 13 to 1,006 students at Brigham Young University. Only courses that met in a regular lecture format and had a common test across sections were included in the study. Fifteen different content areas were represented, and student performance on 16,230 tests was analyzed. Their results suggested that for college-level students, class size may have less effect on student learning than thought by some faculty. The data indicated that increasing class size from 30 to 40 to several hundred did not affect There was no statistical significant difference between group means in the posttest scores. P values approached significance in detecting differences in course grade and pretest scores. college student achievement. However, the authors did question whether there was a possibility that class size has less impact on student recall of facts than on student development of thinking and problem-solving skills. This possibility was not investigated or analyzed by the authors (7) .
Other studies have analyzed college student preferences for small vs. large classes and how those preferences affect student ratings of faculty. Many faculty and departments feel that undergraduate students need to experience small classes sometime during their academic training; thus generally after the anonymity of the large first-and second-year classes, upperdivision students take smaller classes. Feigenbaum and Friend (2) compared student preferences for small vs. large psychology classes at State University of New York at Stony Brook (Stony Brook, NY). They asked first-year compared with upper-division students to state preferences for 16 class structures that differed in class size (small with discussion or large without), workload (moderate or heavy), type of exam (multiple choice or essay), and average grade in class (C or B). They found that students taking large classes generally adapt to them and prefer them to small classes. In fact, in their study, upper-division students preferred classes with moderate workloads and easier grading, implying that workload and a good GPA become more important as students advance. Thus their results essentially contradicted the way courses are normally taught at the college level in that first-year students preferred small classes and upper-division students preferred large classes (2) . While this may be an approach to education for numerous students, our goals have always been to interest students in lifelong learning and to help students learn physiological concepts by understanding instead of memorizing.
Toby (6) studied chemistry students in small vs. large classes at Rutgers (New Brunswick, NJ) to see if class size was related to student evaluations of faculty. Students' (Ͼ35,000) overall ratings of instructors from 420 classes taught by 36 different professorial chemistry faculty over a 5-yr period were analyzed compared with class sizes that varied from a few to several hundred students. The student pool included majors and nonmajors, first-year students through seniors, and graduate students. For 25 faculty, the larger the class, the lower the instructor ratings; for 8 faculty, instructor ratings were independent of class size; and for 3 faculty there was no correlation between instructor rating and any tested variable. Thus class size was important for student ratings of some faculty and was irrelevant for others. Toby also noticed a time effect on instructor ratings for the teaching of several faculty in several large courses, indicating that teaching large classes successfully might require skills that some instructors have developed early in their careers and that others require more time to develop (6).
To evaluate agreement or disagreement between this study and the deleterious outcomes of large class size teaching proposed by Cuseo (1), we will clarify for which outcomes there may be new information from our study. In our study, comparing small vs. large classes for Cuseo's eight deleterious outcomes reveals 1) increased faculty reliance on lecture-our lecture component was the same; 2) less active student involvement-all of our students do small group think-pair-share activities, etc.; 3) reduced frequency of instructor interaction with and feedback to the students-TAs interact with both groups of our students but teaching faculty provide more face-to-face feedback to those in the experimental group; 4) lower depth of student thinking while in class-higher level active-learning activities found in both classes (but students may feel more or less vulnerable in the small class); 5) lower Bloom's taxonomy level of learning objectives and learning strategies-our course and system learning objectives are mostly at the comprehension level or higher (see Fig. 1 ), student study strategies were not evaluated; 6) lower levels of academic achievement of students-the mean course grades were the same; 7) lower level of course satisfaction with learning-our students in the small class appreciated the value of fewer students and our students in the large class thought there were distractions in the lecture hall; and 8) lower student evaluations at the end of the course-this aspect was not evaluated using the standard University course evaluation forms; however, there were no significant differences in this on the custom-designed class satisfaction survey. Based on his analysis of the literature, Cuseo (1) discusses how to provide more effective education to today's undergraduates; what an optimal class size is; how administrative decision making can take into account enhancing student learning by providing a variation of class sizes to each student each term; providing instructional delivery resources to maximize small group and individual learning opportunities to students in large classes; and how institutional mission, priorities, and values might need to be readjusted to value teaching that enhances student learning.
In our study, the teaching faculty used the same lectures and the same active-learning activities in both the large lecture class with small separate laboratory sections taught by graduate TAs and the small group lecture/lab classes taught by a graduate TA assisted by the teaching faculty. Our results indicate that while the students may have appreciated that the size of the small class was appropriate for learning and the size of the large class was distracting to learning, there were no significant differences in either pre-vs. posttest results or course grades for the students in the experimental group compared with those in the control group. This could either mean that with active learning techniques, large lecture classes can "feel smaller" and thus enhance student learning just as well as small, personal classes, or that we studied the wrong parameters to identify differences in long-term understanding of physiological principles.
